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Abstract
We introduce additional restriction into "general ether theory" - a
generalization of Lorentz ether theory to gravity - which xes the signs
of the cosmological constants in this theory. This leads to an oscillat-
ing universe, thus, solves the cosmological horizon problem without
inflation.
We prove the equivalence of the Lagrangian of this theory with
Logunov’s "relativistic theory of gravity" with massive graviton and
a variant of GR with four non-standard scalar elds and negative
cosmological constant.
We consider the remaining dierences between these theories.
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In [13], a metric theory of gravity in a predened Newtonian framework with
Galilean coordinates T (x), X i(x) with Lagrange density
L = (R+ )
p−g + Lmatter(gµν , ψm) + gµνδijX i,µXj,ν
p−g −gµνT,µT,ν
p−g
This theory allows a simple condensed matter interpretation. This con-
densed matter (\ether") interpretation may be used to derive the Lagrange
density. In this derivation, the constants ,  and Einstein’s cosmological
constant  remain unspecied, even their signs. We add here another simple
hypothesis which allows to specify the signs: we assume that there exists
an \undistorted reference state" { a solution with constant ρ, vi, σij { and
that this undistorted reference state is stable. This hypothesis xes the signs
as  > 0,  > 0. Moreover, it requires  < 0 for Einstein’s cosmological
constant.
With these sign conventions, the Lagrange density may be transformed
in the preferred coordinates into
L = R





where ηµν denes the vacuum solution and mg the mass of the graviton
in the vacuum state. This was an unexpected result { the Lagrangian looks
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like the usual GR Lagrangian with some additional scalar elds X i(x), T (x),
and for  > 0,  > 0 they simply lead to additional \dark matter" terms
with pressure p = −1
3
ε resp. p = ε. Therefore, I have assumed that the
graviton remains mass-less.
After this, it was reasonable to compare the theory with existing theories
with massive graviton. This search has been successful, we have found a
theory with the same Lagrangian { \relativistic theory of gravity" developed
by Logunov a.o. [9].
Thus, the Lagrangian has been derived independently based on com-
pletely dierent motivation. This is not strange, because the harmonic con-
dition { the simplest and most beautiful coordinate condition { is used in
above theories and is all what is necessary to obtain the Lagrange formalism.
Some interesting properties of the theory in the limit of very small mg ! 0
are easy to understand { we obtain an oscillating universe, stable \frozen
stars" of ' Schwarzschild size, a bounce for the gravitational collapse. Thus,
it is a nice regularization of GR. Even for arbitrary small mg this solves
cosmological problems { the horizon problem and the flatness problem {
solved in standard cosmology with inflation (cf. [12], p.5,56). Thus, we do
not have to introduce inflation to solve these problems.
Above theories have the same Lagrangian, but there are not only major
dierences in the metaphysical interpretation, but also minor but interesting
dierences in predictive power and dierences in the quantization concepts
related with these theories.
2 General Ether Theory
The basic formula is the denition of the physical metric gµν as a function of
typical condensed matter variables (density ρ, velocity vi, stress tensor σij):
g^00 = g00
p−g = ρ (1)
g^i0 = gi0
p−g = ρvi (2)
g^ij = gij
p−g = ρvivj − σij (3)
This matter (the \ether") fulls classical conservation laws:
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∂tρ+ ∂i(ρv
i) = 0 (4)
∂t(ρv
j) + ∂i(ρv
ivj − σij) = 0 (5)
Additional \inner steps of freedom" ψm(x) are also allowed, but no other,
external matter. Thus, there are no momentum exchange terms for interac-
tion with other matter. The \inner steps of freedom" of the \ether" are
identied with usual matter elds.
In the metric variables, the conservation laws transform into the harmonic
equation for the Galilean coordinates:
2X i = 2T = 0
If we search for a Lagrange density L(gµν , ψm, X i, T ) which leads to these
equations, we obtain the Lagrangian








with unknown constants ,  almost immediately: the simplest way to
obtain the harmonic equation for a eld is the standard scalar Lagrangian
plus the requirement that the remaining part does not depend on this eld.
But the requirement that the remaining part does not depend on the preferred
Galilean coordinates is the requirement for the Lagrangian of GR.
This Lagrange formalism and the choice of independent variables seems
strange from point of view of classical condensed matter theory. It denes a
promising analogy between condensed matter theory and fundamental par-
ticle theory which is far away from being completely understood.
2.1 Existence of an undistorted constant solution
The simple additional requirement we need to x the relative signs between
the three cosmological constants ,, is the existence of an undistorted,
stable state. This undistorted state has constant density, no velocity and
constant stress tensor. The inner steps of freedom should have a constant
value too. This state should be a solution of the following equation:
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ds2 = a2dt2 − b2(dx2 + dy2 + dz2)
G00 = 0 = −a−2 + 3b−2 + 
G11 = 0 = +a
−2 + b−2 + 
This system has the solution  = −2b−2 = 2a−2. This xes the
relative signs. It also explains the relative values as dening ρ and σ of the
undistorted state. Based on this result, it seems natural to renormalize the
constants and to introduce the vacuum state as ηµν into the Lagrange density.
L = R







2.2 Stability of the Undistorted State
Now, let’s x the remaining sign - the sign of . For this purpose, let’s
consider the linearized equations for a small modication of the undistorted
state gµν(x) = ηµν + hµν(x). Because gµν(x) is always harmonic, the Ricci








hij + T ij − 1
2
gijT
Thus, to obtain a stable vacuum state, we have to choose  < 0. This
gives the graviton a mass mg =
p−. The resulting Lagrange density is
L = R








In the preferred coordinates, this Lagrange density is
L = R





3 Comparison of GET with similar theories
The Lagrange density for GET is equivalent to the Lagrange density in [11],
formulas (9),(10), for the \relativistic theory of gravity" (RTG) with non-zero
graviton mass. On the other hand, we can obtain a similar Lagrangian if we
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introduce \clock elds" Xµ(x) as scalar elds into GR (cf. [8]). Thus, this
Lagrangian occurs with dierent motivation in three theories with completely
dierent metaphysics. Let’s introduce the following notions:
 DM { the variant of general relativity with four non-standard scalar
dark matter elds Xµ(x) and  < 0 (no background):
L = (R + )
p−g − gµνηαβXα,µXβ,ν










 GET { the generalization of Lorentz ether theory to gravity proposed
by the author (Newtonian background):
S =
∫
(aR− b)pρσ + 1
2
(ρv2 − trσ − c2ρ) + Linner(ρ, vi, σij, φm)
3.1 Common Predictions
Now, the common predictions which distinguish these three theories from
classical GR are nice: stable \frozen stars" near Schwarzschild size instead
of black holes [10],[13], with bounce after gravitational collapse [10], a big
bounce instead of a big bang singularity [9],[13] with an oscillating universe
[9],[11]. These seem to be common eects of theories with massive graviton,
another way of introducing mass considered by Visser leads to similar results
about the behaviour near the horizon [14].
Even in the limit mg  0 the qualitative dierences remain. Thus, to
introduce graviton mass is an interesting way to regularize GR. Note that in
an oscillating universe there is no horizon problem, and we have a natural
preference for zero curvature. That means, two of the problems used to
justify inflation theory (cf. [12]) disappear.
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3.2 Differences
Let’s now consider the dierences. First, we have a simple relation: A solu-
tion of GET denes a solution of MRTG, and a solution of MRTG denes
a solution of DM. In the other direction, this is not correct. The elds
Xµ(x) of a solution of DM may not dene a system of coordinates. And
the solution of MRTG possibly violates the condition ρ(x) > 0. That means,
if GET is true, MRTG cannot be falsied, and if MRTG is true, DM cannot
be falsied. But observing a solution of DM which cannot be interpreted
as a MRTG-solution falsies MRTG without falsifying DM, and observing
a solution of MRTG which cannot be interpreted as a GET-solution falsies
GET without falsifying MRTG. Therefore, Popper’s criterion of predictive
power suggests to prefer GET.
3.3 Causality
The consideration of causality would be a possibility to change this. Einstein
causality is a stronger restriction compared with classical causality.
Indeed, Einstein causality together with EPR-realism [4] allows to prove
Bell’s inequalities [2] for time-like separated events, which is impossible in
classical causality. Unfortunately, this prediction is experimentally falsied
by Aspect’s experiment [1]. This requires to reject EPR-realism in relativistic
theories. Instead, GET remains compatible with EPR-realism. Especially,
GET seems compatible with the concept of Bohmian mechanics [3].
An interesting question is if it is possible to require that the light cone of
the physical metric in MRTG remains inside the light-cone of the background
Minkowski, as suggested in [11]. This seems possible to justify in RTG with-
out massive graviton, if matter fulls the null energy condition (cf. Visser
et.al. [15]). But the mass term obviously violates all energy conditions.
Roughly speaking, the graviton mass denes a force which turns the gravi-
tational eld back to the vacuum state. That’s why we obtain oscillations
around the vacuum state. This suggests that the light-cone usually oscil-
lates around the original Minkowski light-cone and does not remain inside.




The way suggested for quantization essentially diers for the three theories.
Especially in DM we have the full beauty of canonical GR quantization
problems, especially the problem of time [6] and topological foam. The har-
monic condition is only a gauge condition [8]. These problems are not present
in GET and MRTG.
The quantization of GET and MRTG probably diers in the way used
to handle ultraviolet problems. The GET solution suggests to use some
\atomic ether" hypothesis which leads to an explicit, physical regularization.
The \ether hypothesis" allows to obtain a prediction about the cuto length:
ρ(x)Vcrit = 1 in appropriate units. This prediction is dierent from Planck
length suggested by the \Planck ether" concept [7], [16]. Let’s also note that
in GET quantization we can use condensed matter analogies as considered
by Volovik [16] as simple guiding principles.
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